Abstract: Germinomas presenting with a pituitary stalk lesion and panhypopituitarism are rare in children, and their definite diagnosis is challenging. An invasive diagnostic approach, such as a transsphenoidal biopsy, is often required prior to establishing a treatment regimen. A 13-year-old female presented with 1 year of secondary amenorrhea, fatigue, and progressive thirst with polyuria. Laboratory work-up revealed panhypopituitarism (central hypothyroidism, hypogonadotropic hypogonadism, adrenal insufficiency and central diabetes insipidus). a-Fetoprotein and b-human chorionic gonadotropin were not elevated in serum nor in cerebrospinal fluid. The magnetic resonance imaging (MRI) of the pituitary region showed an enhancing infundibular lesion, extending into the hypothalamus, and infiltrating the pituitary gland. A transsphenoidal biopsy of the infundibular lesion confirmed the diagnosis of germinoma (germ-cell tumor). After appropriate hormone replacement therapy, chemotherapy and low-dose radiation therapy, the patient achieved complete resolution of the pituitary stalk lesion on the MRI.
Introduction
Pituitary stalk lesions are rare and their definite diagnosis is challenging as different etiologies present in a clinically similar manner. Radiographic characteristics are unable to reliably differentiate germinomas from other central nervous system tumors. While tumor markers such as a-fetoprotein (AFP) and b-human chorionic gonadotropin (hCG) may be helpful, they are frequently not elevated.
We report a teenage girl with germinoma presenting with panhypopituitarism (central hypothyroidism, hypogonadotropic hypogonadism, adrenal insufficiency and central diabetes insipidus). A relatively new medical treatment combined with low-dose radiation therapy has been successful in eliminating the tumor so far.
Case report
A 13-year-old female presented with 1 year of secondary amenorrhea, fatigue, and progressive thirst with polyuria. Her past medical history was unremarkable. Menarche was at the age of 10 with subsequent regular menses. Her maternal grandmother had metastatic lung cancer. A review of her history showed cessation of growth within the past year. Physical examination was significant for normal stature and weight, pale color, and Tanner IV breasts and pubic hair. There were no visual field defects and no galactorrhea. Laboratory work-up revealed: elevated serum sodium level, luteinizing hormone (LH) < 0. 
Clinical challenge
The key feature in this patient is the presence of, what appears to be, panhypopituitarism because of secondary amenorrhea due to hypogonadotrophic hypogonadism, along with hypothyroidism, adrenal insufficiency, and diabetes insipidus. These findings point toward the involvement of the entire pituitary gland or the infundibulum (i.e., pituitary stalk). MRI of the pituitary region confirmed our suspicions.
It is imperative to establish a definitive diagnosis of a lesion prior to initiating any treatment. Because of the rapid onset of the symptoms a clinician should suspect a rapidly advancing process that may require invasive diagnostic approaches. As common infectious causes were ruled out and tumor markers (AFP, hCG) were non-contributory, a transsphenoidal biopsy of the infundibular lesion was the best next step in the management of the patient. The pathology revealed clusters of large cells with vesicular nuclei and prominent pink nucleoli dispersed in a rich background of lymphohistiocytic infiltrate with eosinophils ( Figure 2A) . The tumor cells were positive for markers OCT-4, C-KIT, placental alkaline phosphatase (PLAP), consistent with a diagnosis of germ-cell tumor (Figure 2B-D) .
Discussion
Secondary amenorrhea associated with central diabetes insipidus (CDI) requires prompt investigation and treatment as delay can be life-threatening. CDI is commonly seen at the time of presentation in pituitary stalk lesions, such as germinoma (1) . Its presence may reflect rapid growth of the lesion. Causes of CDI in children were previously reviewed (2) . Cases can be divided into congenital and acquired sources, with the latter being more common. The differential diagnosis includes tuberculosis, neurosarcoidosis, amyloidosis, primary tumors including germinoma (3), pinealoma, glioma or craniopharingeoma (4, 5), Langerhans cell histiocystosis (6), or metastatic disease.
Germinomas are relatively rare in children, accounting for < 3% of primary pediatric brain tumors, and are commonly associated with endocrine abnormalities (7) . In some cases, elevation of tumor markers, such as AFP and b-hCG in serum or CSF can be seen, but it is not always there. In this case, all tumor markers in serum and CSF were not elevated.
Diagnosis should be established histologically, especially if tumor markers in serum and CSF are non-contributory (8) . Histological diagnosis is fundamental in establishing a treatment regimen (7) . A transsphenoidal biopsy approach is usually safe, particularly in centers with robust experience
Prognosis and treatment
Pure germ-cell tumors, generally associated with negative tumor markers, carry a favorable prognosis, with a 5-year survival rate > 90% with appropriate treatment (9) . These tumors are usually responsive to radiation therapy, and in most cases, radiotherapy alone may be sufficient for complete response. However, cranial radiotherapy is linked to undesirable late effects (neurocognitive defects, headaches) (3). Neoadjuvant chemotherapy plus radiotherapy was another viable option for the patient, and allowed for decreased doses of radiotherapy and lower risk of late effects. Kretschmar et al. reported promising results from their clinical trial, evaluating preradiation chemotherapy with response-based radiation therapy in children (10) .
Patient outcome
The patient of the vignette was appropriately treated with hormone replacement therapy for diabetes insipidus, adrenal insufficiency and hypothyroidism. After four cycles of chemotherapy (carboplatin plus etoposide) and low-dose radiation therapy, she achieved complete resolution of the pituitary stalk lesion on the MRI.
Recommendations
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